Background: The endophytes of medicinal plants, such as Justicia adhatoda L., represent a promising and largely underexplored domain that is considered as a repository of biologically active compounds.
Background
Since the discovery of penicillin, microorganisms have been a rich source of novel natural products, offering ease of large-scale cultivation, high potency, and costeffectiveness. The hunt for new antimicrobials is ever increasing, driven by the increased rate of microbial infections and naturally acquired resistance among pathogens (1) . Despite the advent of combinatorial chemistry, the natural environment is still the most important source of novel drugs, and has been mined successfully for such agents since long ago (2) . Today, researchers emphasize the need to bioprospect for potential leads from relatively diverse and unique environmental settings. Microbial endophytes represent one such unexplored or overlooked group of microorganisms, holding immense potential for the discovery of novel therapeutics (3) .
Endophytes are defined as microbes that colonize the living, internal tissues of plants without causing immediate or overt detrimental effects in the host plant (1) . Almost all vascular plant species examined to date act as hosts to either endophytic fungi or bacteria (4) . The relationship between endophytes and their host plants is mutualistic in nature, resulting in a survival benefit for both of the partners. In fact, endophytes act as chemical synthesizers inside the host plant, producing a plethora of bioactive secondary metabolites (3, 5) . Studies have reported the isolation and characterization of unique structures, such as alkaloids, terpenoids, and flavonoids, from these ubiquitous organisms (6) . These bioactive metabolites accentuate the biotechnological importance of endophytes, as they are useful for a wide range of applications, including antibiotics, anticancer compounds, antioxidants, immunosuppressants, and biological control agents (7, 8) . As they have been found in almost all plant species studied to date, there is ample opportunity to unearth novel en-dophytic microorganisms with significant therapeutic potential (9) . Medicinal plants in particular are considered a huge repository of endophytes with pharmaceutical importance (10) . Various fungal endophytic strains (e.g., Penicillium, Alternaria, Mucor) have been isolated from plants. Chaetomium species are among the biologically active endophytes. Chaetomium is reported to be involved in the production of chemically diverse metabolites, such as chaetoglobosins, anthraquinones, xanthones, depsidones, terpenoids, and steroids (11) . These metabolites possess anticancer, antimicrobial, antioxidant, and cytotoxic properties. Therefore, in the current study, we selected the Chaetomium strain NF15 for optimization.
Objectives
The objective of the present study was to isolate and characterize the endophytic fungi associated with the J. adhatoda L. plant, and to investigate their antimicrobial, antioxidant, and cytotoxic potential.
Materials and Methods
Potato dextrose agar (PDA) and sabouraud dextrose agar (SDB) were purchased from Oxoid UK. Dimethyl sulfoxide (DMSO) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from Merck USA. All other chemicals, including cetyltrimethylammonium bromide (CTAB), Ca(NO 3 ) 2 4H 2 O, KNO 3 , MgSO 4 7H 2 O, KCl, NaH 2 PO 4 , FeCl 3 , and MnSO 4 , were purchased from Merck USA and SigmaAldrich. The spectrophotometer was a model 8354 from Agilent Technologies (Germany).
Collection of Plant Samples
Healthy and mature plants of Justicia were selected for sample collection. The plant leaves were randomly collected and brought to the laboratory under sterile conditions. The plant was identified as J. adhatoda by Prof. Dr. Mir Ajab Khan at the department of plant sciences, Quaidi-Azam university, Islamabad.
Isolation of Endophytic Fungi
Isolation of fungal endophytes was carried out with the surface sterilization method (12) . The plant material was thoroughly washed with distilled water, followed by treatment with 100% ethanol for 2 min and 5% sodium hypochlorite for 5 min. The material was again rinsed with distilled water, and finally blotted with sterile blotting papers. After sterilization, the samples were cut into pieces measuring 2 -6 mm, then placed on water agar and PDA plates supplemented with penicillin G (100 units) and streptomycin (100 µg/mL). All of the plates were incubated at 28°C until growth initiation (13) . The hyphal tips that emerged as a result of incubation were subcultured for purification, and the isolated pure cultures were maintained on PDA for further studies.
Cultivation and Extraction of Fungal Metabolites
The fungal endophytes isolated from the Justicia plant were cultured on SDA plates for liquid fermentation. Three pieces (0.5×0.5 cm 2 ) of mycelial agar plugs were inoculated into a 500-mL Erlenmeyer flask containing 200 mL of SDB, then run on a shaker incubator (New Brunswick, Canada) at 28°C for 14 days. After incubation, the fermentation broth was filtered to remove the mycelial mass, and the filtrate was extracted three times with equal volumes of ethyl acetate. The organic solvent was pooled and concentrated to dryness using a rotary evaporator to obtain the crude ethyl acetate extract. A stock solution for all of the extracts was prepared by suspending the crude extracts in DMSO at a ratio of 10 mg/mL, which were then screened for antimicrobial activity against selected pathogens.
Biological Screening
The crude ethyl acetate extract obtained after culturing all fungal isolates in SDB medium was used for biological screening with the following assays.
Antibacterial Assay
The crude ethyl acetate extracts of all fungal endophytes were tested against multidrug resistant (MDR) strains of Staphylococcus aureus, Micrococcus luteus, Escherichia coli, and Pseudomonas aeruginosa. The antibacterial potential of the samples was determined by using the agar well diffusion assay (14) . Test bacterial strains of comparable turbidity with 0.5% McFarland's solution were used to create lawn on nutrient agar plates. Wells with 8-mm diameters were made with a sterile metallic borer, and 100 µL of each extract (10 mg/mL) was poured into the respective wells with a micropipette. Pure DMSO was used as a negative control and tetracycline was used as a positive control. The plates were incubated at 37°C. After 24 hours of incubation, the diameter of each zone of inhibition was measured in millimeters. The assay was performed in triplicate for each strain.
Antifungal Assay
The antifungal assay was performed with the agar well diffusion method (15) . The fungal test cultures used in this assay were Aspergillus niger, A. terreus, and Candida albicans.
PDA was used as the growth medium for the fungal test cultures. Inoculum suspension was adjusted with a hemocytometer (Neubauer Chamber; Merck, S.A., Madrid, Spain). Each test isolate (an aliquot of spore suspension at 1×10 8 spores/mL) was spread evenly onto the plates with sterile glass rods, and wells (6 mm) were created at appropriate distances. An aliquot of 50 µL of crude ethyl acetate (10 mg/mL) was dispensed carefully into the wells. The plates were incubated at 27°C, and the results were noted after 24 hours for the Candida species and after 48 hours for the other fungi. Pure DMSO and Nystatin were used as negative and positive controls, respectively. Antifungal activity was expressed as the diameter of the zone of inhibition, measured in millimeters.
Molecular Characterization of the Selected Fungal Isolate
The selected fungal isolate was further characterized using the molecular 18S rDNA sequencing methodology for complete identification. The genomic DNA was obtained from freshly grown mycelia using the standard CTAB (cetyl trimethylammonium bromide, Merck USA) DNA extraction method as described by Qazi et al. (16) . The universal primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') were used for amplification of the fungal internal transcribed spacer (ITS) region of 18S rDNA (17) . The phylogenetic tree was constructed through alignment of the sequences of the NCBI GenBank data using molecular and evolutionary genetics analysis (MEGA) software (version 4.0). The nucleotide sequence of the NF15 strain was submitted to GenBank and an accession number was obtained.
Antioxidant Assay
The free radical scavenging activity was measured with the 2,2-diphenyl-1-picrylhydrazyl (DPPH, Merck USA) assay (18) . The assay was performed on a 96-well plate containing 5 µL of test solution and 95 µL of DPPH solutions (316 µM in methanol). The maximum concentration tested was 200 µg/mL. The plates were incubated at 37°C for 30 minutes, and absorbance was measured at 515 nm using a microplate reader. The antioxidant potential was calculated as percent scavenging effect with Equation 1. Ascorbic acid and pure DMSO were used as positive and negative controls, respectively. The assay was performed in triplicate for all fractions. (1) Scaving effect(%) = Ac − As As × 100
where A c = absorbance of control and A s = absorbance of test sample.
Optimization of Media and Culture Conditions

Media Selection
The selected NF15 isolate was cultured in four different media: potato dextrose broth (PDB), sabouraud dextrose broth (SDB), yeast malt peptone glucose ( The shake flasks (250 mL) containing 100 mL of each medium broth were inoculated with three mycelial agar plugs (0.5 × 0.5 cm 2 ) of freshly grown pure fungal culture, and incubated at 30°C at 150 rpm for 14 days. After cultivation, to screen the most ideal medium for bioactive metabolite production, the antibacterial activity of the cell-free supernatant of each fermentation medium was checked against the indicator strain P. aeruginosa.
Optimization of Operational Parameters
The different parameters that affected the growth and production of the required metabolites by NF15, such as incubation time (7, 14 , and 21 days), pH (4, 5, 6, 7, and 8), temperature (20, 25, 30 , and 35°C), and agitation (0, 100, 120, and 150 rpm), were optimized one parameter at a time (16) . The optimization was carried out using SDB as the production medium. Three 250-mL Erlenmeyer flasks, each containing 100 mL of SDB, were inoculated with two pieces (0.5 × 0.5 cm 2 ) of mycelial agar from a 5-day-old culture plates for each parameter. Cell-free supernatant from all of the experimental flasks was tested for activity against P. aeruginosa.
Optimization of Additional Salts
At optimum culture conditions, the effect of the addition of KH 2 PO 4 , KNO 3 , and NaCl into the production medium at varying concentrations (2, 4, 6, and 8 g/L) was tested. The different concentrations of these nutrients were added to four flasks containing 100 mL of SDB, which were then incubated for 14 days at 30°C and 150 rpm, after inoculation with fungal endophytes. After incubation, the cell-free supernatant was tested against the P. aeruginosa strain.
Production, Extraction, and Fractionation of the Bioactive Metabolites Under Optimized Conditions
The selected endophytic fungal isolate was cultured under optimized conditions in 500 mL of SDB, inoculated with nine mycelial plugs, and incubated (30°C, 150 rpm) for 14 days. After incubation, the cell-free broth was extracted and fractionated as described in the scheme shown in Figure 1 . All of the chemicals were purchased from Sigma-Aldrich. The extracts were pooled and subjected to partial purification with the solvent-solvent partitioning process (18) . All of the fractions were concentrated to dryness using a rotary evaporator (Heidolph LabTech, Germany) and tested for their antibacterial and antioxidant activities.
Results
Isolation, Screening, and Preliminary Identification of Endophytic Fungi
A total of six isolates (NF12, NF13, NF14, NF15, NF16, and NF17) were obtained from healthy plant parts ( Figure 2) . Most of the isolates produced only sterile mycelium, while NF15 also exhibited spore production. The morphological features showed that isolate NF15 belongs to the genus Chaetomium; however, further confirmation using molecular techniques was required. screening results for the antimicrobial metabolites revealed that three isolates, NF14, NF15, and NF16, displayed considerable antibacterial (Table  1) and antifungal (Table 2 ) activities against S. aureus and P. aeruginosa (inhibitory zone, 9 -15 mm) and C. albicans (inhibitory zone, 9 -13 mm). The endophytic fungal isolate NF15, expressing the maximum antimicrobial activity, was then selected for further investigation.
Molecular Characterization of Fungal Isolate NF15
The fungal isolate NF15 was characterized on the basis of 18S rDNA gene sequencing. Figure 3 illustrates the phylogenetic tree showing the evolutionary relationship of isolate NF15 with other closely related taxa. It was found that this isolate shared 100% similarity with Chaetomium sp. ATT106 [GenBank: HQ607837.1]. Therefore, the isolate was identified and named Chaetomium sp. NF15.
Optimization of Culture Conditions for NF15
Effect of Incubation Time
The effect of incubation time on the growth and production of antimicrobial metabolites was studied by incubating the inoculated flasks for 7, 14, and 21 days. Maximum antimicrobial activity was observed after 14 days of incubation, when the zone of inhibition against the selected test strain was 17 mm, with a biomass 9.5 g/L. An increased incubation time of longer than 14 days resulted in increased biomass and decreased activity ( Figure 4A ).
Effect of Agitation Speed
To determine the influence of the agitation speed, metabolite production was carried out at 0, 100, 120, and 150 rpm. Antimicrobial activity was observed at all agitation speeds. However, the best activity was observed at an agitation speed of 150 rpm, with a zone of inhibition measuring 18 mm. A minimum zone of inhibition of 8 mm was observed under static conditions. An increased agitation speed resulted in a gradual increase in biomass, with a maximum value at 150 rpm ( Figure 4B ).
Effect of pH
The selected isolate showed variations in antimicrobial activity when subjected to different pH values. Maximum activity was found at a pH value of 6, with a zone of inhibition of 20 mm and a biomass of 7.94 g/L. The isolate did not exhibit any growth or activity at a pH of 4, while consistent growth without any measureable activity was observed at a pH of 8 ( Figure 4C ).
Effect of Temperature
The effect of temperature on the production of antimicrobial metabolites by NF15 revealed that the isolate remained active at all of the rendered temperature values ( Figure 4D ). However, the most significant activity was observed at 30°C, where the zone of inhibition and biomass were noted to be 28 mm and 15.1 g/L, respectively.
Effect of Cultivation Media and Salts
After optimization of operational parameters, the effects of different growth media and salt concentrations on the activity and biomass production of NF15 were evaluated. Although all of the media supported the growth and production of antimicrobial metabolites by NF15 ( Figure  5A ), the maximum zone of inhibition (16 mm) and biomass production (8.2 g/L) were achieved when SDB medium was used. Similarly, three different salts (NaCl, KH 2 PO 4 , and KNO 3 ) were selected to determine the effects of sodium, phosphate, and nitrogen contents on NF15. Different concentrations of NaCl (2, 4, 6, and 8 g/L) were applied, and it was observed that growth, as well as bioactive metabolite production, was enhanced up to 4 g/L (Figure 5B -5D) . It was observed that the highest activity was at a concentration of 2 g/L (zone of inhibition, 9.2 mm), whereas beyond this concentration, the activity was diminished. In addition, different concentrations of potassium dihydrogen phosphate (2, 4, 6, and 8 g/L, w/v) were evaluated. A high phosphate concentration suppressed growth and bioactive metabolite production. Maximum activity was observed at a concentration of 2 g/L, with a zone of inhibition of 10.5 mm and a biomass of 9.4 g/L (w/v). In the case of nitrogen salt, the highest activity was observed at a a The values are represented as the mean ± standard deviation among triplicate experiments. Values followed by the same alphabetic letter do not differ significantly at a 95% probability (P < 0.05).
concentration of 4 g/L, at which the zone of inhibition and biomass were 22 mm and 11.1 g/L, respectively ( Figure 5B -5D ). No activity was observed at 8 g/L, and a reduction in biomass was also noted at this concentration. at a 95% probability (P < 0.05).
Biological Screening 4.4.1. Antimicrobial Assays
Antibacterial activity was present only in the ethyl acetate fraction. A comparison of crude extract before and after optimization and fractionation was made by testing the The evolutionary history was inferred by using the maximum likelihood method, based on the Tamura-Nei model [1] . The tree with the highest log likelihood (-2629.5593) is shown. The percentage of trees in which the associated taxa are clustered together is shown next to the branches. The initial tree(s) for the heuristic search were obtained automatically by applying neighbor-joining and BioNJ algorithms to a matrix of pairwise distances estimated using the maximum composite likelihood (MCL) approach, and then selecting the topology with the superior log likelihood value. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 13 nucleotide sequences. The included codon positions were 1st + 2nd + 3rd + Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 318 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 [2] . samples against P. aeruginosa. The results showed a significant increase in the zone of inhibition of the ethyl acetate fraction. When tested against MDR strains, 85% of 41 samples of MDR strains of P. aeruginosa and 87% of 42 S. aureus (MRSA) strains were sensitive to the partially purified ethyl acetate fraction ( Figure 6 ). Only 24% of the Enterococci isolates were sensitive, while no activity was observed against E. coli. A significant zone of inhibition was formed against tobramycin-resistant P. aeruginosa. With regard to antifungal activity, 65% of C. albicans isolates were sensitive to partially purified ethyl acetate (Figure 6 ).
Antioxidant Assay
Antioxidant activity was analyzed using two different concentrations: 5 and 10 µg/mL. Both samples showed a strong scavenging effect. Increased concentrations led to increased antioxidant activity, with a 79% scavenging effect at 10 µg/mL (Table 3) .
Discussion
The increasing prevalence of drug-resistant bacteria necessitates the need to search for novel sources of antibiotics. In this quest, endophytic microorganisms have been identified as a rich source due to the highly competitive environment in which they survive (19) . The chemical variety of biologically active secondary metabolites from endophytic fungi has led to further research on these organisms (20) .
In the present study, we successfully isolated endophytic fungi from J. adhatoda. This plant has ethnobotanical importance in folklore medicine (21, 22) . It is likely that some medicinal attributes of the Justicia plant could be transferred to endophytes through horizontal gene transfer. This is affirmed by the present study, in which the isolates showed promising antimicrobial and antifungal activity. There are some recent reports about the biological activities of endophytes of Justicia species (23, 24) . Gangadevi and Muthumary (25) reported the isolation of Colletotrichum gloeosporioides from J. gendarussa, and their antimicrobial activities. After an initial antimicrobial screening, we selected one isolate, NF15, for identification, extraction, and partial purification of bioactive secondary metabolites.
Molecular identification of NF15 showed that it resembles Chaetomium sp. (17) . Several types of bioactive compounds have been reported from this unique fungal specie. Chaetomium species are able to produce antimicro- bial, cytotoxic, anticancer, antimalarial, and antioxidant compounds with chemical diversity (11, 26) . Chaetomium species have been used to produce of a plethora of pharmacologically active metabolites, including chaetoglobosins, cytoglobins, anthraquinones, steroids, azaphilones, alkaloids, and depsidones (11, 26, 27) . On the basis of previous reports, Chaetomium sp. NF15 was selected for detailed study of its bioactive metabolites by adopting the reported methods with slight modifications (16) . The initial screening was done using a simple method of fermentation and extraction, but a further detailed optimization study was also performed.
Endophytes undergo complex interactions with plants, and nutrients and culture conditions play an important role in the onset and intensity of secondary metabolism (28) . In order to achieve high product yields from the selected NF15 isolate, it was necessary to design a proper production medium for an efficient fermentation 8
Jundishapur J Microbiol. 2016; 9(6):e29978. process (16, 29) . Fungal isolates showed better growth and antimicrobial potential in SDB compared to the other media. This is in accordance with Gogoi et al. (30) , who reported improved metabolite production in the presence of dextrose. Maximum production of secondary metabolites was observed after 14 days of incubation, which agrees with previous reports (30, 31) .
The isolated strain NF15 was able to grow and produce metabolites at all of the pH values tested; however, maximum metabolite production was at a pH of 6, as previously reported (30) (31) (32) . Temperature optimization results identified antimicrobial activity at 30°C, which is reported as a suitable temperature for metabolite production (33) . Agitation is another factor that affects cell growth and the production of secondary metabolites. We analyzed the effects of four different agitation speeds, and found that the isolates produced antimicrobial metabolites at all speeds. However, the highest activity was at 150 rpm, which correlates with previous findings that the aeration rate affects metabolite production (34) .
Optimal nutrients and culture conditions could help in obtaining the maximum yield of the target metabolite and diminishing unwanted metabolites (35) . After optimizing the abiotic factors, the effects of different medium components and their concentrations were determined (36) . Fungus showed good antimicrobial potential at low salt concentrations. Sodium chloride concentrations up to 4 g/L and KNO 3 up to 6 g/L had positive effects on bioactive metabolite production by NF15 (37) . However, phosphate confers negative effects if the concentration is increased beyond 2 g/L (38, 39).
The selected NF15 isolate was cultured under optimum conditions for 14 days at 30°C and 150 rpm in 500 mL of medium, and the crude extract was used for fractionation.
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It was observed that after extraction and fractionation with hexane, methylene chloride, and ethyl acetate, the ethyl acetate fraction showed the highest activity (40), indicating slightly polar bioactive metabolites. The ethyl acetate fraction showed antioxidant and antimicrobial activities (41) (42) (43) (44) . The brine shrimp assay showed that isolates may produce cytotoxic compounds, which corresponds to previous reports on Chaetomium as an endophyte with cytotoxic and antioxidant potential (41, (45) (46) (47) . The partially purified ethyl acetate fraction was also evaluated for antimicrobial potential against different clinical MDR isolates ( Figure 6 ). The results indicated that this fraction possesses promising activity against P. aeruginosa, S. aureus, Enterococcus sp., and E. coli. The ethyl acetate fraction also showed promising antifungal activity against C. albicans, which could be attributed to antifungal azaphilones as reported for the fungus Chaetomium cupreum (48, 49) . The cultural optimization studies revealed that different media compositions and cultural conditions have significant impacts on the growth and antimicrobial activity of the NF15 strain. On the basis of the results obtained in this study, it is possible to suggest the appropriate media and operational parameters for culturing NF15 in order to isolate and characterize unique and novel biologically active metabolites.
Conclusion
Endophytic fungi are a poorly investigated group of microorganisms that represent an abundant and dependable source of bioactive and chemically novel compounds.
These compounds have the potential for exploitation in a wide variety of medical, agricultural, and industrial applications. In the current study, endophytic fungi isolated from the leaves of J. adathoda showed promising antibacterial activity; therefore, the isolation of any bioactive compounds from the endophytic fungi of this medicinal plant may facilitate the product-discovery process.
